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SECTION 1 - INTRODUCTION

?. l' This_document. prowvides the description and operation instruction for the
Atmospheric Cloud Physiés Laboratory (ACPL) Simulation System, designed for
execution on general purpose large scale computer systems such as the IBM
360/75 or the UNIV 1108 at MEEOV//?E;’;EPL Simulation System is capable of”>\\

simulating the following cloud physics experiments:

Adiabatic Expansion: , /. /%UV/TAM~44/t/fW“1’

Non-adiabatic Expansion

!

Static Diffusion Liquid (SOL), I
ﬁ?/%fﬂ-

Continuous Flow Diffusion (CFD))

—

SDL and CFD with Phoretic and Gravitational Motion of Aerosols
/ and Droplets)

Jwo-Dimensional DL, o~r'//
CFD Fluid Dynamics

i
i . . . N ‘ °/
. to_describe the major modules which comprise the total systeme——t dewe i vl

— \\\“““

. The ACPL Simulation System presently consists of two class;! of major components.

To present the capabilities of the ACPL Simulation System, s Tnecessary

The first class consists of an executive module which p;f?orms the data manage-
ment including the control of logic flow of experim€9(/simulation. A second
class includes the system of experimental modules,/Which can be executed in

any order, as specified by the user through inpdf options. These experimental
modules are primarily responsible for any cqnﬁutations performed during the
ACPL Simulation. Each of the experimental modules, designed to simulate a
specified experiment, requires the suppoft of several lower level sub-modules

or sub-programs.

Operation of the ACPL Simulation System can be through the submittal of a batch
job at a general computer facility. However, to facilitate the operatioﬁ, the
ACPL Simulation System with the interactive graphic capability has been designed
and implemented with the usage of the PRIME 400 and the Tektronix Cathode Ray
Tube (CRT) terminals at the Data Systems Laboratory of MSFC. The interactive
operation allows the user to manually select the modules for execution, and to

' define the numerical values of parameters required for the calculation.

@
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Section 2 presents the detailed descriptions of the total ACPL Simulation
System. Included in the discussion are the capabilities of simulating each
experiment. Section 3.of this document describes the organization of the
input strcam required for the batch mode operation. Section U discusses
fcaturcs and capabilities of the interactive mode of the system as designed
to be operated at the PRIME 400 computer facility of the Data Systems Lab at
MSFC. Scction 5 discusses the Job Control Language (JCL) for the ACPL
simulation run as would be required for the IBM S/360 computer facilities.
Section 6 presents special considerations for the ACPL Simulation operation.
Appendix A provides descriptions of Labelled Commons which are commonly used
by all major modules; whereas, Labelled Commons required specifically by each

of the different modules are described in Appendix B.




SECTION 2 - SYSTEM DESCRIPTION

This section prcsents the discussion of components, organization, and various
interface requirements. Included in the discussion will be the modes of oper-
ation of the system and means of input/output. Brief discussion of the two

user modes of operation--batch and interactive graphic--is given.

2.1 SYSTEM CONTROL STRUCTURE

The control structurc of the ACPL Simulator System is comprised of the ACPL
Executive Module, Experimental Modules, card input, special disk files,
printer output, and a graphics display (CRT) device. This control structure

is illustrated in Figure 2-1.,

The present ACPL Simulator System is designed to be operational in either
batch or interactive graphic mode. For the interactive graphic capability,
the ACPL Simulator System utilizes the graphic display software designated
Plot 10 Package. This software package is generally available at different
computer centers. The Plot 10 software package is easy to interface with and
provides to the ACPL Simulator users the print and plot capabilities with a
relatively small amount of core memory. The display series can include a
list of selectable experimental modules, after which execution is passed to
the selccted module; the display of input parameters required for operating
the selected module; and, the prints and plots of the computed parameters.
The detailed descriptions of the prints and plots generated'through the

interactive graphic capabilities (using Plot 10) are presented in Section 4.

At present, there are three main disk files being used by the ACPL Simulator
System. These three files contain load modules of all experimental modules,
labelled commons assigned for each of the experiments, and numerical values of
input/output parameters. These disk files are a major source of the AC?L

Simulator System data management structure.

3
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2.2  EXECUTIVE AND UTILITY MODULES OF THE ACPL SIMULATION SYSTEM

The ACPL Executive Module has the control of the overall program logic flow
and schedules the operation of the designated Experiment Modules. The
Executive Module interprets the user contfol information which is defined
through input cards or an interactive graphics terminaf. With the modes of
operation defined, the Executive provides the user with either the batch or
interactive graphic capability through the usage of the PRIME 400 Computer
System. It allows the user to operate and execute the ACPL Simulator through

card input only or through an interative graphic device. The Executive

Module also passes control to the user designated Experimental Modules which

perform the simulation of designated experiments. Thus, it serves as the
operational controller of the experimental simulation. The user has the
option of selecting or designing the order of processing the simulated
experiments. The structural hierachy of the Executive Module and the
Experimental Modules is illustrated in Figure 2-2. The modules at the
bottom of the figure are in fact experiment dependent in that they contain
codings which are directly related to the particular thermodynahic and

microphysic processes taking place within each of the chambers.

The Utility Module of the ACPL Simulator System consists of programs and
sub-programs designed for supporting the calculation or simulation performed
by the Experimental Modules. Programs and sub-programs contained in this
module are those designed to compute such parameters as saturation vapor
pressure of water, laten heat of condensation, diffusion coefficient for

water vapor in the air, thermal conductivity of air, and etc.

2.3  EXPERIMENTAL MODULES

Thr present ACPL Simulator System provides the users with options of selecting
a computer simulation of any one of the seven experiments. Each experiment
has a corresponding program module designed for simulating the thermodynamic
and microphysical processes occurring during the cloud formation experiments.

The experimental modules consist of the following:
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The Adiabatic Expansion (AE) Module,

The Non-adiabatic Expansion (NE) Module,
The Static Diffusion Liquid (SDL) Module,
The Continuous Flow Diffusion (CFD) Module,

The SDL and CFD Module with Phoretic and Gravitational ﬁotion
of Aerosols and Droplets,

0O o 0 o o

Two-Dimensional SDL Module, and

o

o CFD Fluid Dynamics Module.

The Adiabatic Expansion (AE) Module: The Adiabatic Expansion Module is designed

to simulate the cloud-forming experiments. Each requires a model of droplet
nucleation and growth in an adiabatically expanding parcel of moist air. The
expansion chamber wall temperature is assumed to be uniform (no spatial
variations at any time) and to follow the gas temperature exactly during
expansion. There are no existing spatial gradients in any property in the
interior of the chamber. Thus, the module considers only the evolution in
time of the cloud physics processes in a single, adiabatically expanding cloud

parcel. The forcing functions of the module include:

Pressure Drop Rate vs. Time,
Temperature Drop Rate vs. Time,
Pressure vs. Time,

Updraft vs. Time, or

0O 0 0 0 o

Other User's Specified Function.

The Non-adiabatic Expansion (NE) Module: The model for this module is an

extension of the above model designed with the capability of simulating the
propagation of a thermal wave through an existing cloud. The physical pro-
cesses involve the uncoupling of the chamber pressure and/or wall temperature.
The chamber pressure and wall temperature are varied independently (i.e.,
non-adiabatically), creating gradients in the temperature and in the water
vapor and cloud liquid water concentrations. Temperature and water vapor
concentration gradients interactions are included and coupled with the
droplet growth/evaporation process. Thus, the module performs the calculation
of heat conduction and vapor diffusion and their interaction with the droplet

growth equations.
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The Static Diffusion Liquid (SDL) Module: The basic operation concept of the

SDL Module is analogous to that of the NE Module. The formulations implemented
for both of the SDL and the NE modules are very similar, differing only in the
chamber geometry and in the boundary conditions at the chamber walls. However,
in the SDL experiment heat conduction and vapor diffusion are eQerywhere '
directed along the normal to the plate surfaces, and a single dimension space
coordinate is used for describing all processes. The temperature of the plates
and the pressure within the chamber are modeled as functions of time. In
brief, a time-dependent model of heat and vapor transport, droplet nucleation
and growth, and particle drift (thermophoretic and diffusiophoretic motions)

in one space dimension are the basic processes considered in the operation of

the module.

The Continuous Flow Diffusion (CFD) Module: The basic difference between the

operation of the CFD and the SDL experiments lies in the fact that a constant
gas flow is maintained parallel to the chamber plates, and aerosol sample is
injected into this flow along the median plane of the chamber. In addition,
the temperatures of the plates are kept constant during an experiment segment,
so that a steady-state condition is maintained. The detailed model of the
CFD can be structured as the two-dimension flow of fluid coupled with the
diffusion and heat conduction processes. In fact, the differential equations
used for describing the physical processes within the CFD chamber are the

elliptic types, while those used for the model of the SDL chamber are parabolic.

SDL and CFD Modules with Phoretic and Gravitational Motion of Aerosols and

Droplets: These two modules were the result of modifications of the SDL and
CFD modules to allow aerosol particles and cloud croplets to move across the
chambers in response to phoretic focus created by gradients in gas temperature
and composition and, optionally, in response to gravitational forces. These
modules were developed in response to the needs of the planned experiments on
SDL-CFD comparisons in both zero-g and one-g environments, and on phoretic

motion of aerdsols in the CFD.

Two-Dimensional SDL Module: Previously maintained SDL models used only a

single space dimension, the coordinate normal to the chamber plates (here

labelled the Z-coordinate). In other words, these models assumed that gradients




in the values of all variables in the coordinate parallel to the chamber plates
were negligible. For studies of droplet formation on a uniformly distributed
aerosol, in regions away from the edges of the chamber plates, this assumption
introduces little error. However, experiments have now been proposed which
depend essentially on the effects of gradients in the radial coérdinate.

These experiments are of two basic types. In the first type, a single ice
particle will be grown near the center of the chamber. In the second, a
"thermal probe', whose temperature can be varied independently of the chamber

plate temperatures, will be inserted into the center of the chamber.

The model describes a cylindrical section of the SDL chamber, bounded on its
upper and lower surfaces by the chamber plates, and centered on the axis of
symmetry of the chamber. It is an axisymmetric model; angular variations

are neglected. The coordinate normal to the chamber plates is again the
Z-coordinate. The primary difference between this model and previous SDL
models is the numerical approach to solution of the heat conduction and vapor
diffusion equations in these coordinates. Droplet nucleation and growth

are treated exactly as in earlier models. The model provides for insertion
of a cylindrical thermal probe concentric with the axis of symmetry. A model

of ice particle growth has not yet been incorporated in the program.

CFD Fluid Dynamics Module: This module is for modeling three-dimensional

fluid dynamics of a rectangular continuous flow diffusion chamber with one

axially mounted rectangular exit port.

2.3.1 Input/Output Conventions

Since the ACPL Simulation System is designed to be operational in either the
batch mode or the interactive graphic mode, there are two forms of input and

output associated with the system.
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For the batch mode of operation, at present only input card deck in the standard
form is required. The output of each simulation for this mode is listed in the

hard copy format. The input card deck contains the numerical values of thermo-

dynamic and geometric constants. The format and contents of the input card

deck are presented in Section 3. To facilitate the operation of the system,

the input and output of the batch mode run will be stored in a designated file.

There is no special input file required for the simulation run.

For the interactive graphic mode, the means of communication between the user
and the ACPL Simulation System for input and output is accomplished through

the Tektronix Display keyboard and CRT. Detailed description of the input and
output requirements of the interactive graphic mode is discussed in Section b,

2.4 MODES OF OPERATION

This section describes briefly the two modes of operation in which the ACPL

Simulator System can be executed.




2.4.1 Batch Mode

The ACPL Simulator System can be exccuted through card input. In this mode
of operation, no interactive graphlc device Is required. The user is 1imited

only to the option of defining input parametefs through card deck.

When the ACPL‘Simulation is run in batch mode, using either a complete card
deck of the executive program and all sub-programs or the executive program
and a user library file containing the sub-routines needed, input data may be

entered through cards or a direct-access data file.

The execution of the ACPL Simulation in batch mode requires three sections:

!
1. Control Cards - The control card section of the run consists of

all necessary statements to compile, link edit, and execute the
program. Examples of control cards for the 1BM $/360 Computer

System are shown in Sectlon 5.

2. ACPL Simulation Program - The ACPL Simulation Program consists of
a card deck of sub-routines plus a driver program to initiate
execution of the simulation. The program may be run using the
entire card deck for each execution or the sub-routines may be
stored in load module form on a direct-access device. In the
latter case, only the driver program deck must be submitted for
each execution of the simulation. Examples of deck setup for each
method are given in Section 5. An example of creating load

modules and storing on .a direct-access device is also shown in the

same section.

3. Input Data - The input data consist of initial values of parameters
used by the ACPL Program. A complete description of the input data

is presented in Section 3.2.

2.4.2 Interactive Graphic Mode

when the option of interactive graphic mode is selected (1imited to only the
PRIME 400 Computer System equipped with Tektronix CRT display terminal), the

user. can manually sclect from displays the various experimental and utility

2-9




modules for the desired simulation. The EXEC Module then assuﬁes.control and
generates a specific load module for the specified experiment. The selected
experimental module then presents a list of constants with numerical values

used In the calculations, and input variables required for the simulation.

_Each of these input variables has a default value on the display; however,

any or all of these values can be modified manually by the user through the
keyboard input. Once the numerical values of these dynamic input data are
defined (either the default or the modified ones), the simulation of the
specified experiment can be initiated. The computation of the simulated
experiment is completed with the display of a message requesting for an action
to be taken by the user. The user has the option to display the output in
either graphical format or hard copy listing of computed values of output
parameters. The option of selecting any of the output displays is also pro-
vided to the user. This process continues until the user Is satisflied with
the run, and may elect to change the existing data and rerun the same simula-
tion. On the other hand, the control may be returned back fo the EXEC Module
and the simulation of any other experiment can be performed in the same
sequehce. For a more detailed description of the interactive graphic mode

operation, see section 4.0.
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SECTION 3 - SYSTEM INPUT DESCRIPTION FOR BATCH MODE

The Input parameters required for operating the ACPL Simulation System are
defined in a standard format of a card deck. Each experiment has Its own
set of varlables defined. This section describes the detailed format of

input card decks used for simulating the proposed experiments.

3.1  EXECUTIVE INPUT STREAM

The present Input parameter required by the Executive Module is the alpha-

numeric name Indicating the experiment to be simulated.

3.2 INPUT STREAM FOR VARIOUS EXPERIMENTAL MODULES

3.2.1 Adiabatic Expansion Module

The Adiabatic Expansion Module describes the cloud physics processes taking
place in the expansion chamber when the chamber wall temperature is programmed
to follow the gas temperature. The model considers an isolated parcel of gas
(no transfer of mass or heat energy between the parcel and its environment)
initially contalning air, water vapor, and condensation nuclel, and which Is
subjected to changes in pressure. It computes the changes in temperature,

pressure, volume, supersaturation, and haze particle/droplet size.

Since every volume element in the chamber experiences the same sequence of
events, the Initlial volume of the gaé parcel is arbitrary and can be chosen
in the model to provide a convenlent set of units for particle concentration.
The model uses cgs units throughout, so the most convenient value for the
inftial volume Is one cubic centlimeter. All output concentration values are
given per cubic centimeter; however, if the user wishes to specify initial
aerosol concen;rations in some other set of units, he should specify the
volume unit as part of the initial conditions (e.g., Vo = 1000 if con-

centrations are the number per liter).



The input conditions required to use the Adiabatic Expansion Module are:

I.

5.

The Initial chamber pressure (PRESSO) in millibars, temperature
(TEMPO) in Ok, and parcel volume (VgLO) in cm3.

The pressure and temperature of the saturator (PSATUR and TSATUR,
respectively) which define the initial mixing ratio, in the same

units.

The clock time at the beginning (TIMEO) and end (TIMEF) of the
experiment, the time step for integration of the model equations
(DELTAT), and the time increment at which printed or graphical
output is desired (TMBUT), In seconds. For most purposes, the
initial time can be zero. However, later on, when sequences of
experiments using different chambers will be run, the actual time-
line values can be used as Inputs for mission planning purposes.
The integration time step DELTAT is not currently needed, since the
model now uses a numerical integration routine that chooses its
own time step. DELTAT can thus be left blank on the input card.
However, it has been left in the program because a different

integration routine may be used in the future.

The thermal accommodation coefficient (ALPHA), the condensation
coefficient (BETA) and the surface tension of water (SURFT). ALPHA
is generally assumed to be unity, but the value of BETA is not at
all that well known, the most commonly accepted value being around
0.03 to 0.04. The surface tension of water Is about 75 dynes/cm;

a sub-routine has been provided in the model to calculate it more
accurately as a function of temperature and solute concentration,

but has not yet been implemented.
The op;ioﬁ name for the initial parthle distribution (DISTOP).

The parameters for the partfcle distribution.
a. Gaussian distribution: Number of particle classes (NCLASS), the
mean dry particle radius (AZERO) in centimeters, the halfwidth
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. (ASIGMA) in centimeters, and the density of the aerosol (DENSTY) in grams
per cubic centimeter. The number of particles (NPART) for each class.

b. C & K Distribution: Number of particle classes (NCLASS), the total number of
aerosol particles (CONCEN), the C and K (CKCNST) with the range between 0.5

and 1.5 inclusive. The critical supersaturation (SI1GMAC) for each class.

- c. User-defined Distribution: The number of particle classes (NCLASS). The
distribution of particles (NPART) and the critical supersaturation (SIGMAC)

for each class.

d. RLOGN Distribution: to be implemented.
Note that the number of particles (NPART) is given per unit of volume (voLg) as

specified in (1) above, and the critical supersaturation (SIGMAC) for this class,

given in absolute value, not percent. (That is, SIGMAC = Sc is the'critical supe r~

saturation ratio.)

7. The driving function for the experiment, e.g., the expansion rate vs. time.
. Number of points to be entered for each option of function is presently limited
to 20. Several options are provided here. Reference Table 3-1.

a. Pressure vs. time: values of pressure at a discrete set of times, with

pressure assumed to vary linearly with time between these points.

b. Expansion rate vs. time: values of (constant) dP/dt for successive

time intervals.

c. Temperature vs. time: values of temperature at discrete points in time,

with linear variation from point to point.
d. Updraft vs. time: values of (constant) dz/dt for successive time intervals.

e. User function for the expansion rate: a sub-routine is provided wherein

the user can program his own curve of dP/dt vs. time.

" The Input setup for the Adi abatic Expansion Module consists of the parameters shown

b' in Figure 3-1. Distributior. parameters are shown in Figure 3-la. The parameters
must be punched into input data cards as delineated in the same figure. See Section

3.3 for procedure to run more than one experiment consecutively.
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3.2.1.1 Adiabatic Expansion Experiment Examples

Typical card input setup and format of all parameters are described in Figures 3-1

and 3-la. Figure 3-2 delineates values of input parameters which are common to all

examples (excluding the driving functions and the distribution parameters).

A total of seven examples are shown to illustrate various options.

The first five

examples provided show ways the driving function options may be used to simulate the

Adiabatic Expansion. In these examples, the distribution option is the user-defined

function. Two more examples are shown with the dP/dt vs. Time pressure option and the

Gaussian and € and K distributions.

Pressure
Example Pressure Option Option Name

1 Pressure vs. Time PVSTIME
2 dP/dt vs. Time DPDT
3 Temperature vs. Time  TVSTIME
4 Updraft vs. TIME UPDRFT
5 dP/dt User Function PFUNCT

vs. Time

dP/dt vs. Time DPDT
7 dP/dt vs. Time DPDT

(The pressure options are described in Table 3.1.)

3-4

Distribution Optfon

Distribution
Option Name

User-defined function
User-defined function
User-defined function
User-defined function

User-defined function

Gaussian Distribution
C and K Distribution

USER
USER
USER
USER
USER

GAUSSIAN
CANDK




@

Table 3-1. Driving Functions Which Can Be Specified for

Adiabatic Expansion Simulation

ONE PARAMETER CARb MUST BE INPUT FOR EACH POINT (INPUT CARD #7 AND

FOLLOWING) .
OPTION PARAMETERS ENTERED UNITS
-Pressure vs. Time Pressure millibar
(PVSTIME) Time seconds
-dP/dt vs. Time dP/dt millibar/sec.
(pPDT) Time seconds
-Temperature vs. Time | Temperature degrees K
(TVSTIME) Time seconds
-Updraft vs. Time Updraft centimeter/sec.
(UPDRFT) Time seconds

-Function defined
by user

(PFUNCT)
(See Note)

Data input as required by
user's function

NOTE: The user must submit a double precision function to
calculate dP/dt.

This function must be included with
the FORTRAN source deck. See Example 5.
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Card 1:

Card 2:

Card 3:

Card 4:

Card 5:

- 2 e AT T T ae a0

Experiment Option = ADIA EXP
Initial Pressure = 1,000.mb.
Initial Temperature = 293.I5°K
initial Volume = 1. cm3
Saturator Pressure = 1,000.mb.
Saturator Temperature = 293.15°K
Start Time " = 0. seconds
Finish Time = 100. seconds
Time Increment = 005 second
Output Time Interval = 1.0 second
Thermal Accommodation Coefficient = 1,
Condensation Coefficient = .03

Surface Tension = 75. (dynes/cm)

FIGURE 3-2. TYPICAL VALUES OF PARAMETERS WHICH ARE USED IN THE ADIA EXP
RUN (EXCLUDING THE DRIVING FUNCTION AND DISTRIBUTION FUNCTION)
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The first five examples include a graph of the driving function by a listing

of the input data cards. Reference Figures 3-3, 3-4, 3-6, 3-7, 3-9, 3-10, 3-12,
3-13, 3-15, and 3-17. In each of the listings, the first two lines indicate the
column numbers of the following input data cards. Example 5 also includes the
FORTRAN User Function. Reference Figure 3-16.

In each case of the driving functions, the corresponding sample output of the
simulation run using the IBM S/360/75 is provided. Reference Figures 3-5, 3-8,
3-11, 3-14, and 3-18.

Examples 6 and 7 repeat the dP/dt driving function with different distribution

functions. Example 6 Illustrates the Gaussian distribution function. Reference

Figures 3-18a and 3-18b for input and output respectively. Example 7 illustrates

the C and K distribution function. Reference Figures 3-18c and 3.18d.
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. PRESSURE © TIME

w7 " 1,000. 0.
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0 10 20 30 40 50 60. 70 8 90 100
TIME (SECONDS)

NOTE: Pressure at time t=0 must correspond to initial chamber
pressure and end time of the driving function must be greater
than or equal to finish time of the simulation.

i:? Figure 3-3. Driving Function of Pressure vs. Time for Example 1 Run
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NOTE: For each point, enter the time at the end of the interval.

In addition, end time of the driving

function must be greater

than or equal to finish time of the simulation.

In this example, dP/dt = -2.3 in the
so 13 is the time whlch is entered.

interval 0-13 seconds,

Figure 3-6. Driving function of dP/dt vs. Time in Example 2
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TEMPERATURE (degrees K)
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Figure 3-9.

Driving Function

TIME (Seconds)

of Temperature vs. Time for Example 3
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% Figure 3-12. Driving Function of Updraft vs. Time for Example 4
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This example requires no further input data; the function PFUNCT is
sufficient. However, the user may submit a functlion requiring further
input data. '
% Figure 3-15. Driving Function Specified by the User for Example 5
-
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3.2.2 Non-adiabatlic Expansion Module

The Non-adlabatlc Expansion Module describes the process of heat and mass
transfers and the cloud-physlcs processes taking place in the expansion
chamber when the chamber wall temperature Is not programmed to follow the
gas temperature. In this case, there will generally be both temperature and
concentratlon gradients in the chamber. This model thus subdivides the
space in the chamber into a grid of zones or cells, and computes the cloud
physics processes taking place in each cell while it is exchanging mass and

heat energy with adjacent cells.

The module currently uses a one dimensional array of cells; it approximates
the actual chamber geometry (a right’hz;égsagél cylinder of finite length) . ..
by either an Infinite circular cylinder or a sphere at the option of the user.
The grid of cells thus consists of either concentric cylindrical or spherical
shells of finite thickness. For most purposes, the expansion chamber geometry .
will be best approximated by an equivalent sphere, i.e., a sphere whose
radius is chosen to give the same time constant for heat conduction or vapor
diffusion at its center. For the current ACPL design, this equivalent sphere

is 17 or 18 cm in radius.

The treatment.of cloud physics processes is the same as in the expansion

chamber.

This module will eventually be capable of simulating experiments with any

sequence of wall temperature and chamber pressure changes. For the present,

it is restricted to a single type of experiment: the wall temperature is

‘held constant at its initial value; the chamber initially undergoes an expan-

sion at constant dP/dt for a specified time, after which the chamber is

sealed off, so that the total volume is held constant for the remainder of the

experiment.

During the period of holding the total volume constant--the chamber is sealed--
the temperature of the wall can be varied. This specific capability--changing

the wall temperature--at present can be implemented through the usage of
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sub-program function (hard-coded) rather than the normal input. The DTWALL
function is temporarily provided to the user for defining the wall temperature

profile during the constant volume period.

This module allows multiple expansions of the gas parcel. The initial chamber
temperature and pressure are specified and the wall temperature remains constant
at the initial temperature. The gas is then expanded one or more times at
various dP/dt values (including dP/dt = @), or the chamber may be sealed for a

given time interval.

The input conditions required to use the Non-adiabatic Expansion Module are:

1. The number of space grid points (NSPACE) used in the module; an
index used to define the geometry of the model (KGEOM); and the spacing
between grid points (DZ). |f the radius of the chamber is Z, the

NSPACE is equal to Z/DZ+1. That is, the number of grid points is one
greater than the number of space intervals because the grid points are
defined to be the end points of the cells. The model structure

requires NSPACE to be at least 3, but no larger than 21. The input

value of KGEOM is 1 for cylindrical geometry and 2 for spherical geometry.

2. The saturator temperature (TSATUR) in Ok, and pressure (PSATUR) in
millibars (mb).

3. The initial chamber temperature (TZERO) in °K and initial pressure.
(PZERO) in mb.

L. The number of classes of aerosol particles (NCLASS) and the reference
volume (VZERO) used in the specification of initial particle con--
centrations. If the particle concentrations are to be specified In
number per cubic centimeter, VZERO can be left black or input, and

the model will automatically set it to unity.
5. The distribution of aerosol particles (number concentration) vs.

critical supersaturations, In exactly the same manner as given for

the Adiabatic Expansion Module.
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6. The clock times at the beginning ¢ the experiment (TMZERO), at the
end of the expansion phase (TIMEF), and at the end of the experiment
(TIMEND), and the time increment for output points (TIMOUT), all in

seconds.

7. The thermal accommodation coefficient (ALPHA) and the. condensation

coefficient (BETA).
8. The number of expansion phases (NMOPT).

9. The expansion option (OPT), the expansion rate (DPRATE) in mb/sec, and
the time at end of expansion in seconds for each of the expansion phases.

DPRATE is negative for an expansion.

The input stream for the Multiple Expansion Module consists of the parameters
delineated in Figure 3-19. These parameters are input using punched cards. The

format of the data cards is described in Figure 3-20. Note that more than one
experiment may be run at the same time by submitting multiple input data sets as

described in Section 3.3.

3.2.2.1 Non-Adiabatic Expansion Experiment Example

An example is given to illustrate the simulation of the Non-Adiabatic Expansion
Experiment. The listing of the input data cards is given in Figure 3-21 with
the corresponding output listing shown in Figure 3-22.
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Parameters Units
Experiment name (designated. name for the Non-

adiabatic Expansion Experiment)

Number of grid points

Geometric configuration

Grid spacing Centimeters
Saturator temperature degrees K
Saturator pressure millibars
Initial chamber temperature degrees K
Initial chamber pressure millibars

Number of particle classes

Reference volume for determining
droplet concentration -

For each class:
Number of particles
Critical supersaturation

Start time seconds
Expansion duration . seconds
Finish time seconds
Qutput time increment seconds

Thermal accommodation coefficient
Condensation coefficient
Number of Expansions

Expansion Option Name 'DPDT' or ‘SEALED'
Expansion rate millibars/second

Time at end of expansion seconds

* FIGURE 3-19. NON-ADIABATIC EXPANSION MODULE
PARAMETERS
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3.2.3 Static Diffusion Liquid Module

The Static Diffusion Liquid (SDL) Model is designed to simulate the processes
of heat and mass transfers, and the cloud droplet formation/evaporation‘taking
place in the chamber. The model itself allows for the control of temperatures
of two opposing walls of the chamber. In addition, the simulatioﬁ can be

done for elther constant volume or varied pressure. In the case of the SDL
experiment, there wil] be both temperature and mass concentration gradients
existing within the chamber. This model subdivides the space within the
chamber into a series of grid zones or cells. At present; only one-dimensional
m!croprocesses.within and between these cells (in rectangular coordinate system)

are considered.

The treatment of cloud physics phenomena remains the same as in the Expansion
Chamber. : '

At the beginning of the experiment, temperatures of the two walls are both
assumed to be equal to the initial temperature of chamber. The temperatufeé
of the two walls are varied simultaneously for a specified period of time.

Thereafter, both temperatures are held constant until the end of the experiment.

During the total time of experiment, the experiment can be simulated for either
the constant volume of varied pressure operation. For the varied pressure case,
the SDL Model can be used for simulating the operation of the rapid expansion.
With this operation, temperatures of both walls will be held constant, but

preésure is allowed to change rapidly.

No need ls required for specifying the saturator temperature and pressure for

the SDL Model since the gas within the chamber will ‘come to equilibrium with

" the plates at initial temperature. However, a small modification of the exist-

ing SDL Model can be implemented, if such a need occurs.

The input conditions required to use the Static Diffusion Liquid Module are:

1. The thermal accommodation coefficient (ALPHA) and the condensation
coefficient (BETA).
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The initial chamber temperature (TZERO) in OK, initial pressure
(PZERO) in millibars (mb), and the initial expansion rate (oPDT) in

mb/sec. (DPDT is negative for an expansion.)

The number of classes of aerosolvpartlcles (NCLASS) ané the
reference volume (VZERD) used in the specification of initial
particle concentrations. |[f the particle concentrations are to be
specified in number per cubic centimeter, VZERO can be left blank
or input, and the model will automatically set it to unity.

The distrlbutlon of aerosol particles (number concentration) vs.
crltlcal supersaturation, in exactly the same manner as given for
the Adiabatic Expansion Module.

The number of space grid points (NSPACE) used in the module, an
Index used to define the geometry of the model (KGEOM) , and the
spacing between. grid points (DZ). |If the width of the chamber is

Z, then NSPACE 1s equal to 7/0Z+1. That is, the number of grid
polnts is one greater than the number of space intervals because

the grid points are defined to be the end point of the cells. The
model structure requires NSPACE to be at least 3, but no larger_than
21. The input value of KGEOM is @ for the rectangular geometry used

in this model.

The clock times at the beginning of the experiment (TMZERO), at the
end of the expansion phase (TIMEF), and at the end of the experiment
(TIMEND), and the time increment for output points (TIMOUT), all in

seconds.

The duration of the plate temperature ramp (TMRAMP) in seconds, and
the ramp rates of the bottom and top plates (DTW1 and DTW2, respec-
tively) in k.
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The input stream for the static DIffusion Liquld Module consists of paramectcrs
delineated In Figure 3-23. These parameters are input using punched cards.
The format of thc data cards is described in Figure 3-24. Note that more than
one experiment may be run at the same time by submitting multiplg input data

sets as described In Section 3.3.

3.2.3.1 Static Diffusion Liquid Experiment Example

An example is given to illustrate the simulation of the Static Diffusion

Liquid Experiment. The listing of the Input data cards is given in Figure

3-25 with the corresponding output listing shown in Figure 3-26.
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@

Parameters

Experiment name

Thermal accommodation
coefficient

Condensation coefficient

inftial chamber temperature

_Inltlal chamber pressure

Expansion rate
Number of particle classes

Reference volume for determining
droplet concentration

For each class:

Number of particles
Critical supersaturation

Number of grid points

Geometric configuration

Grid spacing:

Start time |

Expansion durétlon

Finish time

Output time Incremént

Duratlon of plate temperature ramp

Temperature rate change for
bottom plate

Temperature rate change for
top plate

Units
(Designated name for the

Static Diffusion Liquid
Experiment)

degrees K
millibars

millibars/second

cubic centimeters

centimeters:
seconds
seconds
seconds
seconds

seconds
degrees K/second

degrees K/second

Figure 3-23. Static Diffusion Liquid Module Parameters

3-88



CARD /

. - o - - - ~ »~

O B S A A

COLUMNS

PARAMETER

Expariment option

Thermal accommodat fon coefficient

Coﬂdonloilon coafficlent
inltial chamber temperature
initial chamber pressure
Expansion rate

Number ’o! particle classes = M

Reference volume

Number of particles in the Ith
class within reference volume

Critical superssturstion of the

ith class
(e, 2,3 coeeeccM)

Number of grid points

Geometric configuration of the
chamber?

0 - Rectangular Coord.

Grid spacing

Start time

Expansion Duration

Finish Tine

Output time increment

Plate temperature remp duration
Sottom plate ramp rats

Top plate reamp rate

FORMAT

Al

Fl10.5
F10.5
F10.5
F10.5
Fl10.5
(H

F10.5

F10.5

F10.5
F10.5
F10.5
no.s
F10.5
F10.5
F10.5
F10.5

SPECIAL CONSIDERATIONS

SOL Exp

Right justified In fleld

The Input reference volume

Is needed only If concentrations
sre expressed In units other
than cc. f Initlial concentra-
tions are glven In no/cc, the
program automatically sets

this parameter to unity.

Actusl value, not percent

Right justified In fleld
Right justified in fleld

(F10.5 is standard FORTRAN format for a real number In which 10 Is the width of the fleld

and S specifias that there are 5 diglits to the right of the decimal point. The number may

be Input with or without a decimal point.)

Figure 3-24. Format of Input Data Cards for Static

Diffusion Liquid Simulation Run
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3.2.4 Continuous . Flow Diffusion (CFD) Module

The CFD Model is designed to simulate a controlled environment where a single
variable (pressure (P), temperature (T), supersaturation) .can be varied in-
dependently for the purpose of studying nucleatlion and early droplet growth
characteristics which occur in clouds, fogs, and smogs. The model itself
simulates a thermal and vapor diffusion phenomena taking place between the
two, parallel, partially-wet plates. A temperature difference is maintained
between these plates. The resulting diffusion of heat and water vapor from
the warmer toward the colder surface produces linear temperature and vapor
pressure gradients. Because the saturation vapor pressure versus temperature
curve (water In air) is nonlinear, the actual water vapor pressure exceeds
the saturation vapof pressure resulting in a supersaturation near the midpoint
between the plates. Thus, the relative humidity (supersaturation) within the
CFD experiment Is controlled by the temperatures of the two parallel plates.

The major features to be simulated can be summarized as follows. The aerosol
is centrally injected at a short dlstance from the wet/wet section of the
chamber. With different ranges of discrete carrier flows and injected aerosol
settings, flexibility of the exberiment can be maintained. The temperatures
of the two plates are ramped symmetrically about the peak supersaturation
point to minimize the transient supersaturations and to enhance data re-

duction. Each plate temperature can also be programmed individually.

The existing model as developed for Phase | is B;;Téaiiy a two-dimensional
steady-state one. The flow of the gas within the CFD Chamber is at present
assumed to have the velocity profile of parabolic function. (The flow model
of the fluid within the CFD Chamber is being developed in a separate sub-task.
This flow model will be integrated into the CFD Model for computing the
velocity and pressure profiles within the chamber. The integration of the
fluld model is expected to be implemented in Phase 11.) However, this model
considers heat conduction and vapor diffusion in both x-direction (parallel

to the flow) and z-direction (perpendicular to the flow and between the upper

and lower plates).
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The input conditions required to use the CFD Module are:

1.

e ——— —— =

The thermal accommodation coefficient (ALPHA) and the condensation
coefficient (BETA).

The aerosol distribution name (ADIST).
The number of classes of aerosol particles (NCLASS).

For a user generated aerosol distribution: the distribution of
aerosol particle number concentration (NZERO) vs. critical super-
saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module,
or

For the CxSK aerosol distribution function where S is critical

_ supersaturation: the total number of particles per CC In the

aerosol (ANBAR), the value of the exponent K in the distribution
(AK), the lower bound on the supersaturation (SMIN), and the
upper bound on the supersaturation (SMAX).

The CFD Chamber length (CFDLEN), the CFD plate spacing (CFDHT),
the CFD Chamber width (CFOWID), and the length of sample injection
s1it (SLITLN).

The distance from chamber entrance to start 6f—wet-dry zone (start
of wick surface on bottom plate, XWTDRY), the distance to start

of wet-wet zone (XWTWT), and the distance of sample injection point
(XINJ).

The Initial chamber temperature (TZERO) in degrees K, initial

pressure (PZERO) In millibars (MB), the top plate temperature (TW1),
and the bottom plate temperature (TW2).
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8. The number of space grid points (NSPACE) used in the module, the
saturator temperature for carrier gas flow (TSATUR), the saturator
pressure for carrier gas flow (PSATUR), and the volume flow rate of
carrier gas (CFLOW).

9. The number of grid points used for sample gas flow (NSAMPL) , the
sample gas temperature at injection point (TSAMPL), and the sample
gas dew point temperature (TDSMPL).

10. The space increment in flow direction for integration of model
equations (DX), and the space increment at which output is desired
(pxouT).

The input stream for the Continuous Flow Diffusion Module consists of parameters

delineated in Figure 3-27. These parameters are input using punched cards. The

format of the data cards Is described in Figures 3-28 and 3-29. Note .that more
. than one experiment may be run at the same time by submitting multiple input

J data sets as described in paragraph 3.3.

3.2.4.1 Continuous Flow Diffusion Experiment Example

Examples are given to il1lustrate the simulation of the Continuous Flow Diffusion
Experiment. The listings of the input data cards are given in Figures 3-30 and

3-32. The corresponding output listings are shown in Figures 3-31 and 3-33.
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Parameters

Experiment Name

Thermal accommodation coefficlent
Condensation coefficient
Aerosol distribution name
Number of particle classes for each class:
Number of particles
Critical supersaturation
Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

- CFD chamber length

CFD plate spacing
CFD chamber width
Length of sample injection slit

Distance from chamber entrance to start of
wet-dry Zone

Distance to start of wet-wet zone
Distance to sample injection point
initial cﬁamber temperature

initial chamber pressure

Top plate temperature

Bottom plate temperature

Number of grid points for carrier gas flow
Saturator temperature -

Saturator pressure

Volume flow rate for carrier gas

Number of grid points for sample gas flow

Sample gas temperature at injection point

Sample gas dew point temperature ‘at injection

point

Space increment in flow direction for
Integration of equations

Space Increment for output

Units

(Designated name for the
Continuous Flow Diffusion
Experiment)

CM
CM

CM

CM
CM

CM
CM

Degrees K

. Millibars

Degrees K

Degrees K

Degrees K
Millibars
cc

Degrees K

Degrees K
CM

CM

Figure 3-27. Input conditions for Continuous Flow Diffusion Module
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CARD /. COLUNMNS PAMANETER FORMAT SPECIAL CONSDERATIONS
] 18 Experiment option A8 CFD EXP
2 1-10 Therma! accommodation coefficlent F10.5
2 11-20 Condensation coefficlent Fi10.5
3 1-8 ‘ Asrosol distribution name A8 C*s TO K
& 1-§ Number of particle classes is Right justified in fleld
H 1-10 Total number of particles per CC F10.5
In the aerosol
- 5 1-20 Value of the Exponent K in the F10.5
distribution
[ 21-30 ‘ Lower bound on the supersaturation F10.5
5 31-40 - Upper bound on the supersaturation F10.5
6 1-10 CFD chamber lcnéth F10.5
6 11-20 CFD plate spacing Fl0.5
6 21-30 ) CFD chamber width F10.5
(1 31-40 ‘ Langth of sample injection siit £10.5
? 1-10 Muu'-n from chamber sntrance t0 F10.5 .
start of wet=dry zone
7 11-20 Distance to start of wet-wat zone F10.5
7 21-30 ) Distance to sample injection point F10.5
8 1-10 " tnitial chamber temperature ‘ F10.5 -
. 8 11-20 ln}tlcl chambar pressurs F10.5
) 8 21-30 Top plate temperature F10.5
8 31-40 Bottom plste temperature . F10.5
- ] 1-10 Number of grid polnts used for 1o

carrier gas flow

9 11-20 Saturator temperaturs F10.5
H . 21-30 Saturator prassure F10.5
9 31-40 ' volume flow rate of carrier gos £10.5
10 i-10 Number of grid points used for 1o
sample gas flow
10 11-20 Sample gas temperature at . Fl10.5
[ injectlon point
10 21-30 Sample ges dew point temperature F10.5
1 110 Space Increment In flow direction F10.5
for integration of model
equatlons
1" 11-20 Space Increment at which output F10.5
is desired

(F10.5 Is standard FORTRAN format for a real number In which 10 is the width of the flald
end 5 specifles that there are § digits to the right of the decimal point. The number may be

Input with or without & decimal point.)

Figure 3-28. Format of Input Data Cards for Coptinuous Flow
Diffusion Simulation Run with CxS™ Aerosol
. Distribution
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@

CARD 1

”~ w n

Ik

L2
M5
2]
g

Meb

Meb
neb
ne7
M7
.m7
M7

Me8

8
[ ]
ned

g

L2

© nio

M0

COLUMNS
-8

11-20

PARAMETER
Experiment option
Thermal accommodatlion coefficient
Condensation coefficlent
Asrosol distribution neme
Number of particle classes = M
Number of particles in the ith class

Critical supersaturation of the
ith class

(l-l.2.3.....n)

CFD chamber length

CFD plate spacing
CFD chamber width
Length of sample Injection siit

Distance from chamber entrance to
start of wet-dry zone

Distance to start of wet-wet zone
Distance to sample Injection polint
Inttial chamber temperature
Initial chambar pressure

Top plate temperature

Bottom plate temperature

Number of grid points used for
carrier gas flow

Saturator tespesraturs
Saturator pressure
Volume flow rate of cerrier gas

Number of grid points used for
sample gas flow

Sdmlc gas temperature at Injection
point
Sample gas dew point temperature

Space increment In flow direction
for Integration of model
equations

Space Increment at which output
Is desired

Fonur
A8
F10.5
F10-5
Al

F10.5

F10.5

_ F10.5

£10.5
Fl0.5
F10.5

F10.5
F10.5
F10.5
F10.5
F10.5
F10.5
110

F10.5
F10.5
Flo.5
it

F10.5
F10.S .

F10.5

F10.5

SPECIAL CONSIDERATIONS

CFD ExP

N VS SC

Right Justified In fleld

Actual valus, not percent

Right justifled In fleld

Right justifled in fleid

(F10.5 is standard FORTRAN format for s real number in which 10 Is the width of the

field and 5 specities that there are 5 digits to the right of the decimel point. The

Aumber mey be fnput with or without a decimal point.)

Figure 3-29.
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3.2.5 CFD Fluid Flow Module

3.2.5.1 Vertical Plane Fluid Model

The vertical plane fluid model calculates the streamlines and velocities

for a steady-state flow in a two-dimensional isothermal CFD chamber in a zero
gravity environment. The dimensions of the chamber as well as the flowrates
of the carrier or sheath flow (CFLORT) and the aerosol-laden flow (AFLORT)
can be varied. Although the calculation is essentially two dimensional, the
width (WIDTH) of the chamber must be supplied in order.to calculate in mean
fluid velocity from the flowrate. The width of the exit port (XWIDTH) is
also supplied for completeness, but is not used in the calculation. It is

assumed equal to the chamber width.

The elliptical injection manifold is placed a distance (DOWNST)-down~
stream of the chamber inlet. A rectangular grid is placed over the chamber
with NY points in the vertical dimensions (large Y grid) and MZ points in
the longitudinal dimension (Z grid). Downstream of the center of the ellip-
tical injection manifold, NS small S grid points are inserted between the
first and second Y grid point. The first and last S grid points coincide

with the first and second Y grid points respectively.

The CFD vertical plane fluid model input parameters are described as

follows. All fnput quantities are assumed to be in CGS (centimeter-gram-

second) units.

. The kinematic viscosity of the fluid (VISCK).

The carrier or sheath flow flowrate (CFLORT).

The aerosol flowrate (AFLORT)

The chamber height or spacing between plates (HEIGHT).

The width of the chamber (WIDTH).

Total Iength from the chamber inlet to the downstream end of the exit

port (DIST). .
7. The height of the throat or region in the elliptical injection manifold

NN & W -

3

where the aerosol-laden flow is formed (HOPEN).
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8.
9.
10.
11.
12.

13.

14.
15.

17.
18.
19.
20.
21.
22.
23.

The width of the throat (TWIDTH).

The length of the throat (THROAT).

Axis of elliptical injection manifold in the vertical dimension (A).
Axis of elliptical injection manifold in the horizontal dimension (B).
The distance from the chamber inlet to the center of the élliptical
injection manifold (DOWNST).

The length of the exit port (XLEN). The program checks this length to
be sure the length is long enough for a Poiseuille flow to develope. If it
is not developed, the proper length is calculated and the program aborted.
The height of the exit port (XHGT).

The width of the exit port (XWIDTH).

Minimum number of iterations to be done (ITMIN).

Maximum number of iterations (ITMAX).

Convergence parameter (CONCRT) usually assumed to be 1.0 x 10.

The relaxation coefficient (RELAX) usually in the range of 1.0 to 1.4,
The number of grid points in the large Y grid (NY).

The number of grid points in the small S grid (NS).

The number of grid points in the longitudinal Z grid (MZ).

The minimum number of § grid points in the throat height (NTMIN). The
throat height is enlarged to NTMIN times S grid.spacing if the throat
height is less than that.

3.2.5.2 CFD Fluid Flow (Vertical) Calculation Example

This example is given to illustrate the calculation of flow fluid in the

vertical plane. The listings of input stream are given in Figure 3-36. The

corresponding output listings are shown in Figures 3-37 through 3-h2.
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TWIDTH
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A

B
CCKNSET
XLEN
XHGT
XWIDTH
ITMIN
ITMAX
CONCRT
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nY

NS

Mz
NTMIN

F1lCe2

-Fl1o.2

F1Ce2
Fl10e3
F10.3
F10e2
E10e3
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) &=

FLUID VISCOSITY

" CARRIER FLOW -RATE-- ———=— —. ——(CM*x3I/SEC
AEROSOL FLOW RATE (CM++2)/SEC
FULL CHAMBEPR HEIGHT CM
FULL CHAMEER WICTH cM
TCTAL CHAMBER LENCGTH(K/ EXIT PORT) ~ CM
FLLL THROAT HEICGHTY cm
FULL THROAT VWIDTH- : o ™
THROAT LENGTH cv
ELLIFSE AXISC(PEFPENCICULAR TO FLOW) CWM
FLLIPSE AXIS(PARALLEL 70 FLOW) CcM
LCCATION OF CENTER GF ELLIPSE - CM
LENGTF CF EXIT FORTY CHM
FLLL FEIGFT CF EXIT PCRT - CM
FLLL WIDTE CF EXIT FCRT ™

MINIMLM MUMPER CF ITERATIONS

MAXIMUM NUMPER OF ITERATIONS
CONVERGENCE CRITERION

RELAXATION COEFFICIENT

MNUMBER OF POINTS IN LARGE Y GRID

AUVRER CF PCIATS IN SMALL Y (S) GRIC
MUMBER CF PCIANTS IN Z CGRID

MINIMULM NUMBER CF GRIC POINTS IN ThRCAT

Figure 3-36.’ input Card Image of Fluid Flow (Vertical) Calculation
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g Figure 3-37. The progress of the calculation towards convergence is

. printed after every jiteration. The quantities prl.nted
are iteration number-(IT), largest difference at any
-point (BIGDIF), sum of differences at all points (TOTDIF),
divergence code (IDIV), and convergence code (1CODE).
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CFD FLUID DYNAMICS

FLUID PARAMETERS

_CARRIER Fidd RATE:Z .22.00J_(CMe®3)ZSEC = ASRDSOL FLOW RAIEZ _2.230 (CH**IM/SEC

—YISCOSIIY: Dal4) (T#nee2) /SEC

LHAMB ER_DINENSIONS

[od - 3

ELLIPSE DIMENSIONS

REJGHTS  31.029 ;.’;

__DISIANCE FROM IMCET IO CENTER OF ELLIPSES 5,00 €A 1ENGTH: 3,130 CA
{
THROAY_ O] MENSIONS ——
—L1ENSIN: . D.59) LR MEIGHEZ __3.10)E-Q1 €Y = WIDTH: 12,230 C®
_EXLY_PORT DI MENSILNS
- 3 S HIOTHE:  36.2)) €A

NUSBER DF GRID POINTS

na RiDs LARGE Y SRiDs 21 2 GREID: 1)1

_CONVERGENCE PARANCTERS

CONVERGENCE CRITERINS  3,100E-93 RELAXATION COEFFICIENT: 1.009

Figure 3-38. Description of chamber and fluids.. The parameters printed
here are not exactly the same as those which were input.

walls, the manifold, etc.

Some distances are rounded off for ease in locating chamber
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.

Figure 3-39. - Stream function, velécity ﬁomponents and vortlclty‘upstream
of the elliptical injection manifold. In this region only

the large Y grid is used. . .

-
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Figure 3-40. Output in the nested grid region. The small Y grid

g (s grid) describes flow in the throat while the large

Y grid describes flow over the elliptic;l injection
manifold. ' :
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Figure 3-41. Output downstream of elliptical injection manifold. The

first and last points of the small Y grid (S grid) coincide_
with the first and second points of the large Y grid.
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Figure 3-42. "Flow quantities In the exit port. The small Y grid (S grid)
: Is nested between the first and second points of the large Y

grid.
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3.2.5.3 Horizontal Plane Fluid Flow Model
The Horizontal plane fluid dynamics model calculates the streamlines and

velocities for a steady-state flow in a rectangular chamber which empties into
a narrow exit port. The exit is assumed to be symmetrically located along the
chamber centerline. Once the streamline and velocities have been calculated,
residence times may be calculated for various paths. The path is specified

by its distance from the centerline at the inlet (Z=0) and the initial and
final points of interest. It is possible to use either a no-slip or a uniform
flow boundary condition at the X boundary in the chamber. A no-slip boundary
condition simulates a solid wall at the boundary while a uniform flow con-

dition approximates a several exit port configuration.

As currently designed, the program does not read an input file. The para-
meters are listed in subroutine INPUT and can be changed at any time. The pro-

gram must then be recompiled before running. The parameters are listed below.

1. The kinematic viscosity of the fluid (VISCK)

2. Initial fluid velocity (WINIT).

3. Width of the CFD chamber (CWID).

L. Length of the CFD chamber (CLEN).

5. Width of the exit port (XWID).

6. Length of exit port (XLEN). The length of the exit port is tested to
insure that it is long enough for a Poiseuille flow to be developed. If
not, the proper length is calculated and the program aborted.

7. The minimum number of iterations to be done (1TMIN).

8. The maximum number of iterations (ITMAX).

9. The convergence parameter (CONCRT).

10. Relaxation coefficient (RELAX). Not much is known about the relaxation
behavior of this program. ,

11. Number of grid points in the transverse grid (NX) .

12. Number of grid points in the longitudinal grid (M2).

13. Number of paths whose time length is to be calculated (JTIMES).

14. The distance from centerline to initial points of Interest for time

calculation (XT(J)).
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15.

16.

18.

The initial point of the section for which residence times are calculated
(zBEG).

The final point of the section for which residence times are calculated
(zenp).

Printout code (IPRINT) equals 1 If the values of stream function, vel-
ocities, and vorticities at each grid point are to be printed, 0 other-

wise.

The boundary condition code (18C) if set to 0 for a no-slip boundary and

1 for uniform flow.

Figure 3-43 shows a typical listing of subroutine INPUT while Fig. 3-44

through Fig. 3-48 show the output from such a calculation.
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2989 J«107E-35 0.299£-03
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—2992— 0 191E~03 U 310E-03
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—300% U= 101 -

3005 0.954E-06 Je286E-03

Figure 3-44. The progress of the calculation towards -
convergence Is printed often every itera-
tion. The parameters printed are iteration
number (IT), largest difference at any paint
(BIGDIF), and sum of differences (TOTDIF).
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Figure 3-45. Listing of parameters describing computation.
Some parameters may have been rounded off

during the calculation.
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Listing of relevant flow variables ln
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Figure 3-48. The transit times are printed for each ...
initial X-distance.
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3.2.6 SDL and CFD Models with Phoretic and Gravitational Motion
of Aerosols and Droplets

The preceding sections have described the formulation of the Phase | ACPL Cloud
Chamber Models. The present section begins the description of the Phase 11|
models. The first two tasks in the Phase 11 simulation program.were the
modification of the SDL and CFD models to allow aerosol particles and cloud
droplets to move across the chambers in response to phoretic forces created by
gradients in gas temperature and composition and, optionally, in response to
gravitational forces. These models were developed in response to the needs of
the planned experiments on SDL-CFD comparisons in both zero-g and one-g

envi ronments, and on phoretic motion of aerosols in the CFD.

The basic model equations developed in Phase | include an equation for the
movement of particles with the gas in the ACPL chambers. However, early
attempts to follow motions of cloud droplets in the Phase | models gave
physically unrealistic results, so they were deferred at that time. The
problem was basically that the numerical method used gave rise to non-physical
artifacts in the results. It has turned out that extensive changes in the

computer programs were required to avoid such artifacts.

These Phase |l SDL and CFD models in effect supplant the corresponding Phase
| models. They give a more accurate simulation of the processes taking place
in these cloud chambers and offer more options to the user. Anyone using the

Phase | models should consider switching over to these models.

The input conditions required to use the Phoretic SDL Module are:

1. The thermal accommodation coefficient (ALPHA) and the condensation
coefficient (BETA).

2. The aerosol distribution name (ADIST).

3. The number of classes of aerosol particles (NCLASS).
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10.

1.

For a user generated aerosol distribution: the distribution of
aerosol particle number concentration (NZERO) vs. critical super-
saturation (SIGMAC), in exactly the same manner as given for the
adiabatic expansion module,

or

For the CxSK aerosol distribution function where S is critical
supersaturation: the total number of particles per CC in the
aerosol (ANBAR), the value of the exponent K in the distribution
(AK), the lower bound on the supersaturation (SMIN), and the

upper bound on the supersaturation (SMAX).

A user supplied identifier of up to 8 alphanumeric characters,

used to label the output.

The number of grid points (NSPACE) used in the solution of heat
conduction and diffusion equations. Can take any value from 3

to 21. The distance between SDL Chamber ptates is divided into
NSPACE-1 regions of height DZ. The SDL grid spacing (SDLHT).

Time at the beginning of the experiment (TMZERO), time at the
end of the experiment (TIMEND), time step for .integration of
model equation (DELTAT), and time interval at which printed
output is desired (TIMOUT), all in seconds.

Initial chamber temperature (both plates are assumed to be at
temperature TZERO at time TMZERO), (TZERO) in °K, and initial

chamber pressure (PZERO) in millibars.

The duration of the plate temperature ramp (TMRAMP) in seconds,
and the ramp rates of the bottom and top plates (DTW1 and DTW2,

respectively) in k.

Time during which chamber pressure is controlled (TIMEXP), in

seconds, and rate of change of chamber pressure (pPDT).

KGRAV is set to zero for zero-g experiment simulation, or

KGRAV is set to one for one-g experiment simulation.
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12. A two-digit integer (IOPTN) specifies printed output options.

The permitted values are 0, 1, 10, or 11.
If the first (tens) digit is:

one - a table of temperatures, mixing ratios, supersaturations,
and concentrations of activited drops or a function of

position in the chamber is printed at each output point.

zero - only the chamber plate temperatures, the supersaturation
at the median plane of the chamber, and the total number

of activated drops per square cm of plate area are printed.
If the second (units) digit is:

one - a table of droplet concentrations vs. drop size and

position in the chamber is printed

zero - no droplet information is printed.

The input stream for the Phoretic Static Diffusion Liquid Module consists of
parameters delineated in Figure 3-36. These parameters are input using punched
cards. The format of the data cards is described in Figure 3-37. Note that
more tha; one experiment may be run at the same time by submitting multiple

input data sets as described in Section 3.3.

3.2.6.1 Phoretic Static Diffusion Liquid Experiment Example

Two examples are given to illustrate the simulation of the Phoretic Static
Diffusion Liquid Experiment. The listings of the input data cards is given
in Figures 3-38 and 3-40, with the corresponding output listings shown in
Figures 3-39 and 3-4l.
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Parameters Units

Experiment name (Designated name for the Phoretic
Static Diffusion Liquid Experiment)

Thermal accommodation
coefficient

Condensation coefficient

Aerosol distribution name

Number of particle classes

Number of particle classes for each class:
Number of particles
Critical supersaturation

Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

User supplied output identifier

Number of grid points

Grid spacing centimeters
Start time seconds
Finish time seconds
Integration time step seconds
Output time increment seconds

Figure 3-36. Input Conditions for Phoretic Static Diffusion Models

3-139




Parameters
Initial chamber temperature
Initial chamber pressure

Duration of plate temperature
ramp

Temperature rate change for
bottom plate

Temperature rate change for
top plate

Time during which chamber
pressure is controlled

Rate of change of chamber
pressure

Gravity option

Printed output option

Units

degrees K

millibars

seconds

degrees K/second

degrees K/second

seconds

Figure 3-36. Input Conditions for Phoretic Static
Diffusion Module (Cont.)
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CARD NO.

144

. M+4

M+4
M+4

M+4

M+6
M+7
M+7
M+7

M+7

COLUMNS

1-8

1-5

1-10

11-20

1-5

11-20

1-10

11-20

21-30

3140

Figure 3-37.

PARAMETER
Experiment option
Thermal accommodation cosfficient
Condensation coefficient
Aerosol distribution name
There are two options:

N vs SC — User-generated distribution,
number concentration vs
critical supersaturation.

C*S to K — Asrosol number concentra-
tion follows C*S**K distri-
bution where S is critical
supersaturation.

Number of particle classes - M

Number of particles in the ith class

Critical supersaturation of the
Ith class

(1=1,23,...M

Total number of particles per
CC in the asrosol

Valuse of the sxponent K
in the distribution

Lower bound on tive
supersaturation

Upper bound on the
supersaturation

User supplied name for
output identification

Number of grid points
Grid spacing

Start time

Finish time
Integration tima step

Output time increment

FORMAT

A8

F10-5

F105

A8

110

F10.5

F10.5

F10.5

-F105

F10.5

AB

F10.5

F10.5

F10.5

F10.5

F10.5

SPECIAL CONSIDERATIONS

PHOR SDL

Right justified in field

Right justified in field

Actual valus, not percent

re eal e

Right justified in field

Format of Input Data Cards for Phoretic

Static Diffusion Liquid Simulation Run
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CARD NO.

M+8

M+8

M+9

M+9

M+9

M+10

M+10

M+11

M+12

COLUMNS

1-10

10

10

PARAMETER
Initial chamber temperature
{Both plates are assumed to be
at temperature TZERO at time
TMZERO)
Initial chamber pressure
Plate temperature ramp duration
Bottom plate ramp rate

Top plate ramp rate

Time during which chamber
pressure is controtied

Rate of change of chamber pressure

0 for zero-g experiment simulation
1 for one-g experiment simulation

Specifies printed output options

1 - a table of temperature, mixing
ratios, supersaturations, and
concentrations of activated drops
as a function of position in the
chamber is printed st each
output point.

0 - only the chamber plate temperatures,
the supersaturation at the median plane
of the chamber, and the total number

of activated drops per sq cm of plate
area are printed.

1 - a table of droplet concentrations vs.
drop size and position in the chamber

is printed.
0 - no droplet information is printed,

. _F105

FORMAT SPECIAL CONSIDERATIONS

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

170

110

(F10.5 is standard FOTRAN format for a resl number in which 10 is the width of the field
and 5 specifies that there are 5 digits to the right of the decimal point. The number may
be input with or without a decimal point.)

Figure 3-37.

Format of Input Data Cards for Phoretic

Static Diffusion Liquid Simulation Run (Cont.)
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. ‘ The input conditions required to use the Phoretic CFD Module are:

1.

The thermal accommodation coefficient (ALPHA) and the condensation
coefficient (BETA).

The aerosol distribution name (ADIST).
The number of classes of aerosol particles (NCLASS).

For a user generated aerosol distribution: the distribution of
aerosol particle number concentration (NZERO) vs. critical super-
saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module, e
or

For the CxSK aerosol distribution function where S is critical
supersaturation: the total number of aprticles per CC in the
aerosol (ANBAR), the value of the exponent K in the distribution
(AK), the lower bound on the supersaturation (SMIN), and’ the

upper bound on the supersaturation (SMAX).

A user supplied identifier of up to 8 alphanumeric characters,

used to label the. output.

The CFD Chamber length (CFDLEN), the CFD plate spacing (CFDHT),
the €FD Chamber width (CFOWID), and the length of sample injection
slit (SLITLN).

The distance from chamber entrance to start of wet-dry zone (start
of wick surface on bottom plate, (XWTDRY), the distance to start

of wet-wet zone (XWTWT), and the distance of sample injection point
(XINJ).

The initial chamber temperature (TZERO) in degrees K, initial

pressure (PZERO) in millibars (MB), the top plate temperature (TW1),
and the bottom plate temperature (TW2).
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10.

1.

12.

13.

The number of space grid points (NSPACE) used in the module, the
saturator temperature for carrier gas flow (TSATUR), the saturator
pressure for carrier gas flow (PSATUR), and the volume flow rate of
carrier gas (CFLOW).

The number of grid points used for sample gas flow (NSAMPL), the
sample gas terperature at injection point (TSAMPL), and the sample
gas dew point temperature (TDSMPL) .

The space increment in flow direction for integration of model
equations (DX), and the space increment at which output is desired
(bxouT) .

KGRAV is set to zero for zero-g experiment simulation or KGRAV is

set to one for one-g experiment simulation.

A two-digit integer (JOPTN) specifies printed output options. The
permitted values are 0, 1, 10, or 11.
If the first (tens) digit is:

“one - a table of flow velocities, temperatures, mixing ratios,
supersaturations, concentrations of activated drops and
fluxes of activated drops as a function of position in
the chamber is printed at each output point.

zero - only the flow velocity and supersaturation along the
median plane of the chamber, and the total flux of
activated drops through the chamber are printed.

If the second (units) digit is:
one - a table of droplet concentrations vs, drop size and
position in the chamber is printed.

zero - no droplet information is printed.

The input stream for the Phoretic Continuous Flow Diffusion Module consists of

parameters delineated in Figure 3-42. These parameters are input using punched

cards.

The format of the data cards is described in Figure 3-43. Note that

more than one experiment may be run at the same time by submitting multiple

input data sets as described in paragraph 3.3.
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3.4.10 Phoretic Continuous Flow Diffusion Experiment Example

Examples are given to illustrate the simulation of the Phoretic Continuous Flow
Diffusion Experiment. The listings of the input data cards are given in Figures
3-44 and 3-46. The corresponding output listings are shown in ‘Figures 3-45

and 3-47.
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Parameters Units

Experiment Name (Designated name for the Phoretic
Continuous Flow Diffusion Experiment)

Thermal accommodation coefficient

Condensation coefficient

Aerosol distribution name

Number of particle classes for each class:
Number of particles
Critical supersaturation

Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

User supplied name to tabel output:--- ~.cn o vmmn om e
CFD chamber length CM
CFD plate spacing o
CFD chamber width cM
Length of sample injection slit - M

Distance from chamber entrance to
start of wet-dry zone

Distance to start of wet-wet zone CM
Distance to sample injection point. __ CM
initial chamber temperature Degrees K
Initial chamber pressure Millibars
Top plate temperature Degrees K
Bottom plate temperature .. ..Degrees K _ __ .
Number of grid points for carrier -

gas flow
Saturator temperature Degrees K
Saturator pressure Millibars
Volume flow rate for carrier gas cc
Number of grid points for sample

gas flow
Sample gas temperature at

injection point : Degrees K

Figure 3-42. |Input Conditions for Phoretic Continuous
Flow Diffusion Module
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Parameters Units

Sample gas dew point temperature Degrees K
at injection point

Space increment in flow direction CM
for integration of equations c- -

Space increment for output CM

Option to do a zero-g experiment simulation, or a one-g
experiment simulation.

Printed output options.

Figure 3-42. Input Conditions for Phoretic Continuous
Flow Diffusion Module (Cont.)



CARD NO.

144

1+4

M+4

M+4

M+5

i i

M+6

M+7

COLUMNS

1-5

1-10

11-20

1-10

11-20

21-30

3140

1-10

11-20

21-30

31-40

11-20

21-30

Figure 3-43.

PARAMETER
Experiment option
Thermal sccommodation coefficient
Condensation coefficient

Aerosol distribution name
There are two options:

N vs SC — User-generated distirbution,

number concentration vs
critical supersaturation.

C*S to K ~ Aerosol number concentra-
tion follows C*S* *K distri-
bution where S is critical

supersaturation.
Number of particle classes- M
Number of particies in the ith class

Critical supersaturation of the
Ith class

(1=1,23,....M

Total number of particles per
CC in the serosol

Value of the exponent K in
the distribution

Lower bound on the
supersaturation

Upper bound on the
supersaturation

User supplied name for output
identification

CFD chamber length

CFD plats specing

CFD chamber width

Length of sample injection slit

Distance from chamber entrance to
start of wet-dry zone

Distance to start of wet-wet zone

Distance to sample injection point

FORMAT
A8

F105
F10.5

A8

110

F10.5

F10.5

F105

F105

F10.5

F10.5
F10.5
F105
F10.5

F10.5

F10.5

F10.5

SPECIAL CONSIDERATIONS

PHOR CFD

Right justified in field

Right justified in field

Actual value, not percent

Format of Input Data Cards for Phoretic

Continuous Flow Diffusion Simulation

Experiment
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CARD NO.

M+8

M+8

M+8

M+9

M+9

M+9

M+9

M+10

M+10

M+10

M+11

M+11

M+12

M+13

COLUMNS
11-20
21-30
31-40

1-10

11-20
21-30

31-40

Figure 3-43.

PARAMETER FORMAT
Initial chamber pressure F10.5
Top plate temperature F10.5
Bottom plate tsmperature " F105
Number of grid points used for 170
carrier gas flow
Saturator temperature F10.5
Saturator pressure F10.5
Volume flow rate of carrier gas F10.5
Number of grid points used for 110
sample gas flow
Semple gas temperaturs atinjection . . . F20.5. . ..
point
Sample gas dew point temperature F10.5
Spacs increment in flow direction F10.5
for integration of model
equations
Space increment at which output F10.5
is desired
Zero for zero-g experiment 110
simulation -
One for one-g experiment 110
simulation
Specifies printed output options i10

One - a table of flow velocities,
temperatures, mixing ratios,
supersaturations, concentrations
of activated drops and fluxes of
activated drops as a function of
position in the chamber is printed
at each output point.

SPECIAL CONSIDERATIONS

Right justified in field

Right justified in field

Format of Input Data Cards for Phoretic

Continuous Flow Diffusion Simulation

Experiment (Cont.)
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CARD NO. COLUMNS PARAMETER FORMAT SPECIAL CONSIDERATIONS
M+13 9 Zero - only the flow velocity and 110
supersatuation along the median
plane of the chamber, and the *

total flux of activated drops
through the chamber are printed.

10 One - a table of droplet concentra-
tion versus drop size and position in
the chamber is printed.

10 2Zero - no droplet information is
printed.

(F10.5 is standard FORTRAN format for a real number in which 10 is the width of the field and 5 specifies that there are
5 digits to the right of the decimal point. The number may be input with or without a decimal point.)

Figure 3-43. Format of lnput Data Cards for Phoretic
Continuous Flow Diffusion Simulation
Experiment (Cont.)
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3.2.7 Two-Dimensional Static Diffusion Liquid Model

/

Previous SDL models used only a single space dimension, the coordinate normal
to the chamber plates (here labelled the Z-coordinate). In other words, these
models assumed that gradients in the values of all variables in'the coordinate
parallel to the chamber plates were negligible. For studies of droplet forma-
tion on a uniformly distribured aerosol, in regions away from the edges of the
chamber plates, this assumption introduces little error. However, experiments
have now been proposed which depend essentially on the effects of gradients in
the radial coordinate. These experiments are of two basic types. In the first
type, a single ice particle will be grown near the center of the chamber. In
the second, a ''thermal probe'', whose temperature can be varied independently of

" the chamber platé temperatures, WiTl B¢ “inserted into the center -of the chamber.; -

The model describes a cylindrical section of the SDL chamber, bounded on its

upper and lower surfaces by the chamber plates, and centered on the axis of
symmetry of the chamber. It is an axisymmetric model; angular variations are -
neglected. The coordinate normal to the chamber plates is again the Z-coordinate.
The primary difference between this model and previous SDL models is the numerical
approach to solution of the heat conduction and vapor diffusion equations in
these coordinates. Droplet nucleation and growth are-treated exactly as in-
earlier models. The model provides for insertion of a cylindrical thermal

probe concentric with the axis of symmetry. A model of ice particle growth

has not yet been incorporated in the program.

The input conditions required to use the Two-Dimensional SDL Model are:

1. The thermal accommodation coefficient (ALPHA) and the condensation
coefficient (BETA).

2. The aerosol distribution name (ADIST).

3. The number of classes of aerosol particles (NCLASS) .

L. For a user generated aerosol distribution: the distribution of
aerosol particle number concentration (NZERO) vs. critical super-
saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module,

or
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10.

For the CxSK aerosol distribution function where S is critical
supersaturation: the total number of particles per CC in the
aerosol (ANBAR), the value of the exponent K in the distribution
(AK), the lower bound on the supersaturation (SMIN), and the

upper bound on the supersaturation (SMAX). ‘

A user supplied identifier of up to 8 alphanumeric characters,

used to label the output.

SDL chamber plate spacing, in Centimeters (SDLHT), and number of
grid points (NSPACE) desired in the Z-direction (normal to plates).
Can take any value from 5 to 21. |If DZ is the desired grid spacing
(in CM), them SDLHT = (NSPACE-1)*DZ.

Radius of cylindrical region to be modeled (SDLWID).

Maximum grid index (MSPACE) in the X-direction (radial). If DX
is the desired grid spacing in the X-direction, then SDLWID =
(MSPACE-1)*DX.

Minimum grid index in the radial direction (MMIN). For simulation
of a thermal probe experiment, MMIN must be greater than one. If
so, the radius of thermal probe is (MMIN-1)*DX. If MMIN is blank

on the input card; the program sets MMIN to 1. . If MMIiN=l,. there are..

no gradients in gbe radial direction in this model and the results
will be a function of Z only. The option MMIN=1 will be needed,

however, for incorporation of the ice crystal growth simulation.

The maximum value for MSPACE is 4l1. MMIN can take any value less
than MSPACE-A4.

Time at the beginning of the experiment (TMZER0O), time at the end
of the experiment (TIMEND), time step for integration of model
equations (DELTAT), and time interval at which printed output is
desired (TIMOUT), all in seconds.

Time during which chamber plate temperatures are changing (TMRAMP) ,
in seconds. rate of change of top plate temperature (DTW1), and

rate of change of bottom plate temperature (DTW2), in degrees K/second.

3-200



11. Initial chamber temperature (TMZERO) (both plates are assumed to
be at temperature TZERO at time TMZERO), and initial chamber
pressure (PZERO). ‘

The input stream for the Two-Dimensional Statis Diffusion Liquid Module consists
of paraﬁeters delineated in Figure 3-48. These parameters are input using
punched cards. The format of the data cards is described in Figures 3-49,

Note that more than one experiment may be run at the same time by submitting

multiple input data sets as described in paragraph 3.3.

3.2.7.1 Two Dimensional Static Diffusion Liquid Experiment Example

Examples are given to illustrate the simulation of the Two-Dimensional Static
Diffusion Liquid Experiment. The listings of the input data cards are given
in Figures 3-50 and 3-52. The corresponding output listings are shown in
Figures 3-51 and 3-53.
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DAY S VOR T S

Parameters Units

Experiment Name (Designated name for the Two-
Dimensional Static Diffusion Liquid
Experiment)

Thermal accommodation
coefficient

Condensation coefficient

Aerosol distribution name

Number of particle classes for each class:
Number of particles
Critical supersaturation

Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

User supplied output identifier

SDL chamber plate spacing . centimeters

Number of grid points in the
Z-direction

Radius of cylindrical region to
be modeled

Maximum grid index in the
X-direction (radial)

Minimum grid index in the radial
direction

Time at the beginning of the
experiment seconds

Time at the end of the
experiment seconds

Time step for integration of
mode! equations seconds

Time interval at which printed
output desired seconds

“Time during which chamber plate
temperatures are changing seconds

Rate of change of top plate e e
temperature degrees K/second

Figure 3-48. Input Conditions for Two-Dimensional Static
Di ffusion Module
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Parameters Units

Rate of change of bottom plate

temperature degrees K/second
Initial chamber temperature degrees K
Initial chamber pressure ~ millibars

Figure 3.48. Input Conditions for Two-Dimensional Static

. Di ffusion Module (Cont)
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CARD NO. COLUMNS PARAMETER FORMAT SPECIAL CONSIDERATIONS

1 1-8 Experiment option AB SDLZD

2 1-10 Thermal accommodation coefficient F10.5

2 11-20 Condensation coefficient F10.5

3 1-8 Aerosol distribution name A8 Right justified in field

There are two options:

N vs SC - User-generated distribution,
number concentration vs
critical supersaturation.

C*S to K - Aerosol number concentration
follows C*S**K distribution
where S is critical supersat-
uration.

4 1-56 Number of particle calsses - M 15 Right justified in field
4 - 1-10 Number of particls.inthe ithclass . ..., -F105 . . . . e e e
1+4 11-20 Critical supersaturation of the Actual value, not percent

Ith class

(11, 2,3, .... M)

M+ 1-10 Total number of particles per F10.5
CC in the asrosol
M+ 11-20 Valus of the exponent K F10.5
in the distribution
M+4 21-30 Lower bound on the F10.5 j
superssturation
M+4 3140 Upper bound on the F10.5
supersaturation
M+5 18 User supplied name A8
for output identification
M+6 1-10 Chamber plate spacing F10.5
M+6 11-20 Number of grid points in 110 Right justified in field
the Z-direction
M+7 1-10 Radius of cylindrical region F10.5
to be modeled
M+7 11-20 Maxifmutm Jrid index in the : 110 «= -~ Right justified in field
X-direction (radial)
" M+7 21-30 Minimum grid index in the om0t T Right justified in field
[ radial direction
M+8 1-10 Time at the beginning of the F10.5
experiment

Format of lnput Data Cards for Two-
Dimensional Static Diffusion Liquid
Simulation Run

Figure 3-49.
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CARD NO.

M+8

M+8

M+8

M+9

M+9

M+9

M+10

COLUMNS

11-20

21-30

3140

1-10

21-30

1-10

11-20

PARAMETER

Time at the end of the
experiment

Time step for integration of
model equations

Time interval at which printed
output is desired

Time during which chamber
plate temperatures are
changing

Rate of change of top plate
temperature

Rate of change of bottom
piate temperature

Initisl Chamber Temperaturs
(Both plates are assumed to be
at temperaturs TZERO at time
TMZERO)

Initial Chamber Pressure

FORMAT

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

SPECIAL CONSIDERATIONS

(F10.5 is standard FORTRAN format for a real number in which 10 is the width of the field
and 5 specifies that there are 5 digits to the right of the decimal point. The number may be
input with or without a decimal point.)

Figure 3-49.

Format of Input Data Cards for Two-.
Dimensional Static Diffusion Liquid

Simulation Run
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